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Floral Resource Partitioning between Centris (Heterocentris) analis (Fabricius, 1804) and 
Centris (Heterocentris) terminata Smith, 1874 (Hymenoptera, Apidae, Centridini), in an 
Urban Fragment of the Atlantic Forest
Introduction
Bees of the genus Centris Fabricius, 1804 are widely 
distributed in the Americas (Michener, 2007). Centris 
analis (Fabricius, 1804) occurs from Mexico to Brazil and 
Centris terminata Smith, 1874 occurs from Ecuador to Brazil 
(Moure et al., 2012). These two species belong to the subgenus 
Heterocentris Cockerell, 1899. Females of C. analis and C. 
terminata build nests in preexisting cavities, such as the 
abandoned nests of other bees or wasps, galleries dug by other 
insects and trap-nests (Michener & Lange, 1958; Coville et 
al., 1983).
As occurs with other bees, Centris females visit flowers 
for the purpose of collecting pollen and nectar to supply 
their own energy needs and provision brood cells. These 
bees also use the floral oil to feed larvae and/or build nests 
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(Vogel, 1974; Neff & Simpson, 1981; Vieira-de-Jesus & 
Garófalo, 2000; Alves-dos-Santos et al., 2007). Species of the 
genus are efficient pollinators of native and cultivated plants 
with economic importance as, for example, C. analis being a 
effective pollinators of Malpighia emarginata Sessé and Moc 
ex DC (Vilhena & Augusto, 2007; Oliveira & Schlindwein, 
2009), Byrsonima sericea D.C (Ramalho & Silva, 2002) and 
C. terminata being an known pollinator of Passiflora alata 
Curtis (Mello et al., 2014).
In general, Centris bees are considered generalists due 
to the behavior of collecting resources from different botanical 
families (Quiroz-Garcia et al., 2001; Aguiar et al., 2003; 
Dórea et al., 2010; Santos et al., 2013). However, according 
to Gonçalves et al. (2012), females of Centris tarsata showed 
an oligolectic behavior, collecting pollen from Solanaceae 
species for larval provisioning in a region of southern Brazil. 
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Studies involving the analysis of residual pollen from Centris 
nests show that species of the family Malpighiaceae are the most 
frequently used, followed by Fabaceae and Solanaceae. Several 
studies showed the preferences of pollen types used by females 
of Centris to feed their larvae, as well, Centris flavifrons 
(Fabricius, 1775) (Rêgo et al., 2006), Centris maranhensis 
Ducke, 1910 (Ramos et al., 2007), Centris caxienses (Ducke, 
1907) (Ribeiro et al., 2008), Centris tarsata Smith, 1874 
(Mendes & Rêgo, 2007; Dórea et al., 2009; Gonçalves et al., 
2012;  Cruz et al., 2015), Centris analis (Fabricius, 1804) 
(Quiróz- Garcia et al., 2001; Oliveira & Schlindwein, 2009; 
Roubik & Villanueva-Gutiérrez, 2009; Dórea et al., 2010; 
Rabelo et al., 2012; Santos et al., 2013), Centris trigonoides 
Lepeletier, 1841 (Quiróz- Garcia et al., 2001; Dórea et al., 
2013) and Centris flavofasciata Friese, 1899 (Quiroz-Garcia 
& de la Arreguin-Sánchez, 2006). The number of species 
investigated thus far is less than 10% of the total of the genus 
known by science. For C. terminata (one of the two species 
analyzed in the present study), there are no previous records 
of the resources collected by females to provision nests. 
Direct observations in the field can provide information 
on resource utilization by Centris bees. Moreover, an analysis of 
pollen stored in nests enables a detailed account of the number 
of plant species used as resources (Cane & Sipes, 2006). 
Knowledge of food sources is essential to understanding 
associations among bees and plants and provides valuable 
information for the development of management and 
conservation plans. Therefore, the aim of the present study 
was to identify floral resources used by C. analis and C. 
terminata females to provision brood cells and assess the niche 
breadth and overlap of these species in an urban fragment of the 
Atlantic Forest in the city of Salvador, Brazil.
Material and Methods
Study area
This study was carried out in an urban fragment of the 
Atlantic Forest in the city of Salvador, state of Bahia, Brazil 
(13º01’ S and 38º31’ W). Based on the Köppen typology, the 
climate in Salvador is Af – tropical hot and wet. Mean annual 
temperature is 25.3°C and mean annual rainfall is 1800 mm 
(Conder, 1994). The study sites were the Parque Zoobotânico 
Getúlio Vargas (PZBGV) and the campus of Universidade 
Federal da Bahia (UFBA). The PZBGV covers a green area 
of about 240,000 m2 and is structurally characterized by 
sparse tree-shrub vegetation, with several species of Fabaceae, 
Solanaceae, Malpighiaceae, Myrtaceae, Bignoniaceae and 
Melastomataceae (N. Roque, personal information). The UFBA 
campus occupies an area of 302,000 m2 and is composed of 
small fragments of heterogeneous herbaceous vegetation, 
with a predominance of grasses and secondary shrubby-
arboreal Atlantic Forest. Several species of botanical families 
are scattered around the campus, such as Anacardiaceae, 
Arecaceae, Bignoniaceae, Fabaceae, Malvaceae, Malpighiaceae, 
Meliaceae, Moraceae and Myrtaceae (Carvalho et al., 2007). 
There are also squares, buildings and gardens with ornamental 
plants (Carvalho et al., 2007). 
Data collection and pollen analysis
The pollen samples were obtained from nests established 
in trap-nests. The trap-nests were installed in the field in 
April 2014 and inspected once a month from May 2014 to 
April 2015. Once established, the closed nests were taken 
to the laboratory and stored at a room temperature until the 
emergence of individuals. 
The pollen samples of C. analis were obtained from 53 
nests (UFBA= 27 and PZBGV=26) and those of C. terminata 
from 20 nests (UFBA= 7 and PZBGV=13). All C. analis 
nests were established in black cardboard trap-nests with 
inner diameters of 0.6 and 0.8 cm. The nests of C. terminata 
were established in bamboo canes (n = 11 nests) with inner 
diameters of 0.6 and 1.0 cm, and wooden blocks (n = 9 nests) 
with an inner diameter of 1.0 cm. 
After the emergence of the individuals, residual pollen 
from the inner wall of the brood cells was removed for analysis. 
In brood cells containing dead eggs or larvae, all food present 
in the cell was collected for analysis. The pollen material of 
each nest was transferred to test tubes containing 50 mL of an 
aqueous ethanol solution (70%). After 24 hours, the ethanol 
was discarded and the samples were placed in 4 mL of glacial 
acetic acid for 24 hours (Silva et al., 2010). Subsequently, the 
pollen material was submitted to the acetolysis process follow-
ing the method described by Erdtman (1960). The pollen was 
then put in an aqueous glycerine solution (50%). After 24 hours, 
small amounts of pollen were removed with cubes of glycerine 
jelly for the preparation of three microscopic slides per nest. Pho-
tomicrographs were taken and pollen types were identified by 
comparisons with the specialized bibliography and reference 
slides from the collection of the Plant Micromorphology Labo-
ratory, Universidade Estadual de Feira de Santana. Quantitative 
analyses were based on the first 1000 pollen grains counted per 
sample, as proposed by Vergeron (1964).
Data analysis
Based on Santos et al. (2013), the monthly relative 
frequency (RFm) and total relative frequency (RFt) of each 
pollen type were calculated by the ratio between the number 
of grains of each registered pollen type (monthly and during 
the nesting period) and the total number of grains counted 
each month and during the entire nesting period, respectively.
Trophic niche breadth was calculated using Shannon’s 
index (H’) (Pielou, 1975) and compared using Hutcheson’s 
t-test (Zar, 1984). Pielou’s index (J’) (Pielou, 1966) was used 
to calculate the evenness of the use of floral resources by C. 
analis and C. terminata. Pianka’s index (Ojk) (Pianka, 1973) 
was used to calculate trophic niche overlap between C. analis 
and C. terminata:
                    Ojk=
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where Ojk= corresponds to the measure of overlap of the trophic 
niche of Pianka between species j and species k; pij = is the 
occurrence of pollen type i in the diet of the bee species j; pik= 
is the occurrence of pollen type j in the diet of the bee species 
k  and ∑ = is sum that considers the values related to pollen 
type 1 to pollen type S (richness).The index varies between 
0 (no overlap) and 1 (complete overlap).The analysis of diet 
breadth was performed using the PAST statistical software, 
version 2.17 (Hammer et al., 2001). The analysis of trophic 
niche overlap was performed using the R statistical software, 
version 2.01 (R Development Core Team, 2011).
Fig 1. Pollen types found in nests of Centris analis (Fabricius, 1804) and Centris terminata Smith, 1874 sampled from urban fragment 
of Atlantic Forest in Salvador, Bahia. A-B: Malpighia emarginata (Malpighiaceae). C-D: Stigmaphyllon cavernulosum (Malpighiaceae). 
E-F: Cestrum axillare (Solanaceae). G-H: Handroanthus chrysotrichus (Bignoniaceae). I-J: Byrsonima sericea (Malpighiaceae). K-L: 
Aeschynomene paucifolia (Fabaceae). M-N: Dioclea grandiflora (Fabaceae).O: Serjania type (Sapindaceae). P: Delonix regia (Fabaceae). Q: 
Securidaca diversifolia (Polygalaceae). R: Amphilophium crucigerum (Bignoniaceae). S: Elaeis guineensis (Arecaceae). (Bar scale = 25µm).
Results
Pollen types used by Centris analis
We described the pollen types used by C. analis as 
larval food sources per month in both studied areas. The nesting 
activity of the females was registered to the months of 
May, October, November, and December (2014), January, 
February, March and April (2015). Centris analis females 
used 12 pollen types belonging to seven botanical families 
to provision nests established at UFBA (Table 1 and Figure 
1A-S), whereas 11 pollen types belonging to six botanical 
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families were identified from nests built at PZBGV (Table 2 
and Figure 1 A-P, R-S). 
Pollen types from the family Malpighiaceae were the 
most abundant types used by C. analis females in both study 
areas. At UFBA, the most common pollen type was Malpighia 
emarginata, with frequencies varying from 39 to 99%, in 
the months of May, October, November, December 2014 and 
January, February, March and April 2015 (Table 1). Also, 
Byrsonima sericea. showed high frequencies (41%) in January 
2015. At PZBGV, the pollen type with the highest relative 
frequency was Stigmaphyllon cavernulosum in nests of May 
(51.65%) and December 2014 (89.70%). Byrsonima sericea 
was most frequent pollen in the nests of January 2015 (72.63%). 
Malpighiae emarginata pollen was the most abundant source 
in the nests of February, March and April 2015 (Table 2).
The trophic niche breadth of C. analis was significantly 
higher for nests established at PZBGV (H’PZBGV= 1.32) than for 
nests built at UFBA (H’UFBA= 0.94) (t = - 4.16; p > 0.05).  The 
equitability indices were J’UFBA = 0.21 and J’ PZBGV = 0.36).
Pollen types used by Centris terminata 
Pollen types
1RFt
(%)
2NN
Monthly relative frequency of pollen types (3RFm) (%)
May/14
(N=2)
Dec/14
(N=1)
Jan/15
(N=5)
Feb/15
(N=9)
Mar/15
(N=5)
Apr/15
(N=5)
Malpighiaceae
Malpighia emarginata 25.65 20 44.58 - 10.52 32.63 60.23 69.74
Stigmaphyllon cavernulosum 25.71 24 51.65 89.70 0.83 27.16 36.34 7.06
Byrsonima sericea 38.81 19 0.60 0.27 72.63 32.45 0.19 19.98
Fabaceae
Delonix regia 0.02 4 - - - 0.03 0.08 -
Aeschynomene paucifolia 6.45 14 - 0.90 15.06 3.770 2.03 0.86
Dioclea grandiflora 3.25 16 2.73 9.13 0.96 4.02 0.08 1.80
Bignoniaceae
Handroanthus chrysotrichus 0.04 5 0.35 - - 0.009 0.82 0.54
Amphilophium crucigerum 0.04 4 - - - - 0.21 0.01
Solanaceae
Cestrum axillare 0.01 5 0.04 - - 0.009 - 0.01
Arecaceae
Elaeis guineensis 0.01 1 0.04 - - - - -
Sapindaceae
Serjania type 0.01 1 - - - - - 0.01
1RFt = Total relative frequency of each pollen type used for larval food in nests built throughout nesting period at PZBGV.
2RFm = Monthly relative frequency of each pollen type used for larval food in nests built throughout nesting period at PZBGV. 
3NN = Number of nests containing each pollen type recorded throughout nesting period.
Table 2. Relative frequencies of pollen types in larval food from 27 nests of Centris analis (Fabricius, 1804) collected from Parque Zoobotânico 
Getúlio Vargas (PZBGV) in urban fragment of Atlantic Forest in Salvador, Bahia, Brazil.
Nesting activities of C. terminata were restricted to the 
months of May (2014), January, February, and March (2015).
At UFBA, the females used seven pollen types belonging 
to four botanical families (Table 3 and Figure 1 A-N) while 
at PZBGV,  they used six pollen types belonging to three 
botanical families (Table 4 and Figure 1 A-D, I-N, R). 
Pollen types from the families Malpighiaceae and 
Fabaceae were the most abundant in C. terminata nests in 
both areas. At UFBA, the pollen with the highest monthly 
relative frequency was M. emarginata (94.87%), in May 2014, 
followed by Aeschynomene paucifolia (73.58%), in February 
2015, and B. sericea (64.05%), in March 2015 (Table 3). At 
PZBGV, the pollen type with the highest relative frequency 
was B. sericea (61.37%), in January 2015, and M. emarginata 
type (38.02%) was the most common source in the nests of 
March 2015 (Table 4).
No significant difference (t = 1.39; p < 0.05) was 
found between the trophic niche breadth of nests established 
at UFBA (H’UFBA=1.21) and those established at PZBGV 
(H’PZBGV =1.07). The equitability indices were J’UFBA= 0.48 
and J’ PZBGV = 0.42.
Trophic niche overlap between Centris analis and Centris 
terminata
Among the 12 pollen types found in the nests of C. 
analis and C. terminata, eight types were common to both 
species (Tables 1-4). Four pollen types were exclusively found 
in C. analis nests: Delonix regia, Securidaca diversifolia, 
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Elaeis guineensis. And Serjania  type. Based on the similarity 
of the use of the pollen types, trophic niche overlap between 
C. analis and C. terminata was Ojk=0.03 at UFBA and 
Ojk=0.99 at PZBGV.
Discussion
The present study showed that the most frequent pollen 
types collected by females of C. analis and C. terminata in the 
urban fragment of the Atlantic Forest were M. emarginata, B. 
sericea, S. cavernulosum and A. paucifolia,which indicates the 
importance of these species as sources of food for immature 
bees. The association between species of the tribe Centridini 
and species of Malpighiaceae results in a very specialized 
mutualism, with flowers depending on bees for pollination and 
the larvae of those bees depending on pollen and flower oils 
for nourishment (Vogel, 1974), although some species of bees 
use nectar rather than floral oils (Aguiar & Garófalo, 2004).
Moreover, these bees use the oil as construction material for 
nests (Vogel, 1974; Vinson & Frankie, 2000; Vieira-de-Jesus 
& Garófalo, 2000; Aguiar et al., 2003; Dórea et al., 2009, 
2010ab, 2013; Rabelo et al., 2012). Studies performed in 
different biomes and orchards report these same three genera 
of Malpighiaceae as the main sources of pollen and oil for 
many species of Centris (Gaglianone, 2001; Ramalho & Silva, 
2002; Rêgo et al., 2006; Vilhena & Augusto, 2007; Ramos et 
al., 2007; Mendes & Rêgo, 2007; Dórea et al., 2009, 2013; 
Mello et al., 2013 and references therein; Santos et al.,2013 
Pollen types
1RFt
(%)
2NN
Monthly relative frequency of pollen types (3RFm) (%)
May/14
(N=1)
Feb/15
(N=5)
Mar/15
(N=1)
Malpighiaceae
Malpighia emarginata 23.29 5 94.87 17.37 -
Stigmaphyllon cavernulosum 7.46 5 4.79 0.85 32.71
Byrsonima sericea 13.5 5 0.17 2.88 64.05
Fabaceae
Aeschynomene paucifolia 66.12 7 0.17 73.58 0.07
Dioclea grandiflora 1.24 3 - 1.39 3.17
Bignoniaceae
Handroanthus chrysotrichus 0.29 3 - 0.64 -
Solanaceae
Cestrum axillare 1.5 2 - 3.30 -
1RFt = Total relative frequency of each pollen type used for larval food in nests built throughout nesting period at UFBA.
2RFm = Monthly relative frequency of each pollen type used for larval food in nests built throughout nesting period at UFBA.
3NN = Number of nests containing each pollen type recorded throughout nesting period.
Table 3. Relative frequencies of pollen types in the larval food from 7 nests of Centris terminata Smith, 1874 collected from campus of 
Universidade Federal daBahia (UFBA) in urban fragment of Atlantic Forest in Salvador, Bahia, Brazil.
Pollen types
1RFt
(%)
2NN
Monthly relative frequency of pollen types (3RFm) (%)
Jan/15
(N=8)
Mar/15
(N=5)
Malpighiaceae
Malpighia emarginata 16.85 8 4.54 38.02
Stigmaphyllon cavernulosum 21.72 13 19.29 25.63
Byrsonima sericea 47.45 11 61.37 23.80
Fabaceae
Aeschynomene paucifolia 12.57 9 13.90 10.28
Dioclea grandiflora 1.18 10 0.89 1.66
Bignoniaceae
Amphilophium crucigerum 0.15 3 - 0.38
1RFt = Total relative frequency of each pollen type used for larval food in nests built throughout nesting period at PZBGV. 
2RFm = Monthly relative frequency of each pollen type used for larval food in nests built throughout nesting period at PZBGV. 
3NN = Number of nests containing each pollen type recorded throughout nesting period.
Table 4. Relative frequencies of pollen types in larval food from 13 nests of Centris terminata Smith, 1874 collected from Parque Zoobotânico 
Getúlio (PZBGV) in urban fragment of Atlantic Forest in Salvador, Bahia, Brazil.
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and references therein; Rabelo et al., 2015).
Fabaceae was the second most important botanical 
family found in the larval diet of C. analis and C. terminata.
We observed a high frequency of occurrence of A. paucifolia 
in the nests of C. terminata established at UFBA in February 
2015. The species from genus Aeschynomene seem to be an 
important source of pollen in the larval diet of the Centris 
species, once the pollen of Aeschynomene martii Benth was 
found in highest frequencies in C. tarsata nests in the semi-
arid Caatinga biome (Cruz et al., 2015). On the other hand, 
considering the two areas studied herein, A. paucifolia was 
found at low frequencies in some nests of C. terminata and 
C. analis. This data suggest that A. paucifolia can be used as 
a source of nectar, as reported in some studies with C. tarsata 
and C. trigonoides from Caatinga biome (Dórea et al., 2009; 
Dórea et al., 2010a; Dórea et al., 2013).
Regarding the pollen types found at low frequencies in 
the larval food of both bee species, Handroanthus chrysotrichus 
(Bignoniaceae), Amphilophium crucigerum (Bignoniaceae) and 
Dioclea grandiflora (Fabaceae) can be considered sources of 
nectar, whereas Cestrum axillare (Solanaceae), due to its floral 
morphology (small, long, tubular flowers), may have been used 
as a source of pollen for both species of Centris. On the other 
hand, the low frequency of occurrence per nest (<1%) of pollen 
from E. guineenses (Arecaceae), Serjania (Sapindaceae), D. 
regia (Fabaceae) and S. diversifolia (Polygalaceae) makes 
it difficult to determine the type of resources collected by C. 
analis females.
Concerning the trophic niche of the studied species, the 
breadth of the niche of C. analis at PZBGV differed from that 
found at UFBA while for C. terminata, on the contrary, the 
breadths of the niches were similar. As reported by Rabelo et 
al. (2012), such results are directly related to the frequencies 
of the utilization of each food source by the species.  
Niche overlap refers to the utilization of some of the 
same resource type by two or more species; thus, the greater 
the number of resources common to both species, the greater 
the overlap (Abrams, 1980). Some authors have emphasized 
that the niche overlap between bee species can be influenced 
by the availability temporal of resources (Carvalho et al., 
2013; Santos et al., 2013), by the resource abundance (Aguiar 
et al., 2013), and by the body size of the individuals exploiting 
the same resources (Rabelo et al., 2015). In the present study, 
the low value of the niche overlap between C. analis and C. 
terminata at UFBA can be explained to the high frequency 
of the use of A. paucifolia (Fabaceae) by C. terminata in the 
nests established in February (2015). On the other hand, the 
high niche overlap observed at PZBGV between those species 
can be due to the body size, as reported by Rabelo et al. (2015) 
for some oil-collecting species.
Centris analis and C. terminata collected resources 
in several plant species to provision their cells. Similar 
behaviorwas reported for C. analis by Quiroz-Garcia et al. 
(2001), Roubik & Villanueva-Gutiérrez (2009) and Santos 
et al.(2013). Studies on the floral resources used by bees in 
urban areas can contribute to the establishment of conservation 
measures and management plans for these important pollinators. 
Moreover, urban environments are considered important refuges 
for bee fauna, especially those that nest in preexisting cavities.
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